MOONS (the Multi-Object Optical and Near-infrared Spectrograph) has been selected by ESO as a third-generation instrument for the Very Large Telescope (VLT). The light grasp of the large collecting area offered by the VLT (8.2m diameter), combined with the large multiplex and wavelength coverage (optical to near-IR: 0.8 -1.8µm) of MOONS will provide the European astronomical community with a powerful, unique instrument able to pioneer a wide range of Galactic, extragalactic and cosmological studies, and it will provide crucial follow-up for major facilities such as Gaia, VISTA, Euclid and LSST. MOONS has the observational power needed to unveil galaxy formation and evolution over the entire history of the Universe, from stars in our Milky Way, through the redshift desert, and up to the epoch of very first galaxies and reionization of the Universe at redshifts of z > 8-9, just a few million years after the Big Bang. From five years of observations MOONS will provide high-quality spectra for >3M stars in our Galaxy and the Local Group, and for 1-2M galaxies at z >1 (for an SDSS-like survey), promising to revolutionize our understanding of the Universe.
INTRODUCTION
MOONS will be a world-leading instrument and aims to tackle some of the highest-priority questions identified in the ASTRONET Roadmap, including: How do galaxies form and evolve? What is the origin and evolution of stars? Answering these questions requires an accurate reconstruction of the assembly history of stars and galaxies over virtually all of cosmic time, to decode the building blocks of the Universe. Comprehensive observations of the chemical and dynamic properties of stars in our own Galaxy can provide the fossil records to understand its star-formation and assembly history. Looking far beyond our Galaxy, it is also essential to trace the evolution of galaxy properties (starformation, metallicity, mass-assembly, etc.) over the full range of redshifts to investigate the effects of age and environment. Ideally, such studies should be pushed up to the highest redshifts at z>7, where young Lyman-α emitting galaxies carry the key to understanding the physics of the early Universe and cosmic reionization. For this purpose in recent years, several large spectroscopic surveys at optical wavelengths (0.3 -1µm) on 4-and 8-m class telescopes have been undertaken, providing key information on the formation and evolution of galaxies in the local Universe and up to redshift z~1. However, they have arguably now reached their limits, and spectroscopy in the nearinfrared (IR) at λ>1µm is now required to extend our knowledge in the obscured regions of the Galactic bulge and beyond z≈1, through the redshift desert (1.5<z<2.5) and up to the uncharted epochs at z>7. Moreover, observations in the near-IR are necessary because many of the objects of interest are red (thus bright in the near-IR) but faint, or sometimes completely invisible, at optical wavelengths due to either: i) extreme redshift, in the case of galaxies and black holes at z>7; ii) dust obscuration, in the case of stars in the bulge of our Galaxy and the extreme dust-enshrouded star-forming galaxies revealed by Herschel; iii) age, in the case of the oldest, passively evolving galaxy population; or iv) low intrinsic temperatures, as for low-mass stars in our own Milky Way. The wealth of science that a highly-multiplexed, near-IR spectrograph like MOONS can generate is undeniably vast and it has been a common aspiration for the European astronomy community for a long time, filling a crucial gap in discovery space, which could never be addressed by only optical spectroscopy.
For more detailed information please visit the project website: http://www.roe.ac.uk/~ciras/MOONS.html
A brief history
In response to the high demand from the community, ESO launched a call in 2010 for proposals for the conceptual design of a multi-object spectrograph (MOS) instrument/facility for carrying out public surveys (Ramsay et al. 2011) . From ten initial proposals, two were selected for a competitive Phase A study: MOONS and 4MOST (De Jong et al. 2012) . At the end of these 18-month studies the ESO review panels and ESO's Science and Technology Committee (STC) officially selected MOONS as a third-generation VLT instrument. The aim is to be operational and to start science observations by the beginning of 2019.
The MOONS Consortium
Reflecting the wide range of science goals, the MOONS Consortium is built on the scientific and technical expertise of a range of institutes in Chile, France, Italy, Portugal, Switzerland and the United Kingdom, as well as with ESO.
CORE SCIENCE CASES
MOONS will be a versatile instrument that will provide ESO and the astronomical community with the observational power necessary to tackle a wide range of Galactic, extragalactic and cosmological studies. Here we briefly highlight some of the main science cases that are driving the MOONS design.
Galactic Archaeology
The study of the resolved stellar populations of the Milky Way and other Local Group galaxies can provide us with a fossil record of their chemo-dynamical and star-formation histories over gigayear timescales. Launched in late 2013, the ESA Gaia mission will deliver new insight into the assembly history of the Milky Way, but to exploit its full potential ground-based follow-up is required. MOONS will provide this crucial follow-up for the Gaia mission and for Galactic surveys with the VISTA telescope (as well as the southern regions observed by Pan-STARRS and UKIDSS), delivering accurate radial velocities, metallicities and chemical abundances for several million stars. The near-IR coverage of MOONS will allow us to investigate the nature of the heavily-obscured regions of the Galactic bulge (unachievable with optical spectrographs), as well as also providing new insights into the chemo-dynamical structure of the thin and thick Galactic discs, and for targeted studies of satellites and streams in the halo (see Figure 1 ). MOONS will provide accurate radial velocities and detailed chemical abundances (for e.g., Fe, Se, Ca, Ti, Mg, Cr, Mn, CNO, etc.) for the >10 6 stars which are necessary to determine the 12+ dimensional information of the stellar populations of our Galaxy and ultimately enabling us to reconstruct its formation history. The combination of MOONS and imaging from the Gaia and VISTA surveys has the potential to rewrite our understanding of the evolution of classical disc galaxies -MOONS is the only facility which will be able to provide the sufficiently large spectroscopic samples of stars in the Galactic bulge required to unveil the origin and evolution of the inner Galaxy.
There are a range of potential options for the Galactic surveys that can be performed with MOONS:
• Inner Galaxy survey: the aim is to obtain complete kinematic and chemical screening of the old stellar populations of the inner disc and bulge regions (from the Gaia and VISTA imaging). With a conservative estimate of 1-2 hrs per pointing (inc. all overheads) at R=20,000 in the J-and H-bands (i.e. down to H<15.5 mag), for 200 pointings, this would give a 50 night programme and spectra for ~250,000 stars. This would be a valuable resource, but the ambition is to realise a more complete survey of this region, with more thorough sampling; e.g. >1,000 pointings, in ~200 nights, providing spectra for more than 1 million stars.
• Wide-area Gaia survey: the aim is to follow-up stars from Gaia, VISTA, Pan-STARRS etc. in other parts of the Galaxy (e.g. tidal streams, the field populations around the halo, stellar clusters, and in the Magellanic Clouds), which are beyond the limits of 4-m class optical spectroscopy. MOONS will be unrivaled in its survey speed for observations of both the Ca II triplet (CaT) and high-resolution spectroscopy. Assuming 0.5-1 hr/pointing in a large programme of 50 nights, MOONS can simultaneously obtain CaT and near-IR medium-resolution spectra in the J-and H-bands for ~500,000 stars, a factor of three-to-five larger than the sample currently being observed by the Gaia-ESO Survey (GES; Randich et al. 2013) . Extending this to a legacy survey would take the bold but necessary step beyond the GES to obtain spectra of ~1.5 million stars, which could be achieved in 150 nights. 
The growth of Galaxies
Tracing the assembly history of galaxies over cosmic time remains a primary goal for observational and theoretical studies of the Universe. In recent years, large spectroscopic surveys at optical wavelengths (0.3 -1µm) have provided important information on the formation and evolution of galaxies, but near-IR spectroscopy is now required to extend our knowledge beyond z≈1. In fact, at these redshifts almost all the main spectral features used to determine the physical, chemical and dynamical properties of galaxies are shifted to λ>1µm (e.g. Hα, OIII, Ca HK). Exploiting the large multiplex and wavelength coverage of MOONS will allow us to obtain high quality spectra for a statistically significant number of galaxies (~1M) at z>1 for the first time, matching a similar rest-frame wavelength, volume, range of environments and stellar masses as the successful Sloan Digital Sky Survey (SDSS) in the local Universe (see Figure  2 ). This will provide an unparalleled resource to study the physical processes that shape galaxy evolution and will determine the key relations between stellar mass, star-formation, metallicity and the role of feedback. Moreover, MOONS will fill a critical gap in discovery space, unveiling "the redshift desert" (1.5<z<3, see Figure 2 ), enabling studies of this crucial epoch around the peak of star formation, the assembly of the most massive galaxies, the effects of environment on galaxy properties, and the connection with the growth of super-massive black holes.
In a 150 night programme, likely to be performed as part of the GTO or as part of independent Large Programmes, we envisage a two-tiered strategy (see Figure 2 ):
• SDSS-like survey: ~250,000 magnitude-selected (H AB <23.5) galaies over 10 deg 2 , with a high sampling rate of ~70%. Accurate photometric redshifts will be used to isolate target galaxies in the range 0.8 < z < 1.8, with MOONS spectroscopy providing star-formation rates, metallicities, dynamical masses, etc.
• Deep survey: ~30,000 galaxies over 2 deg 2 , sampling larger redshifts (1.5 < z < 14) and fainter magnitudes (23 < H AB <25), with integrations on source of up to 16 hours. The aim is to determine redshifts and basic diagnostics for galaxies in the redshift desert and follow-up of the earliest galaxies at z>7. This programme could be extended into a large Public Legacy Survey, with an investment of ~300 nights (if approved by ESO) to obtain high-quality spectra of ~0.8 million galaxies over ~30 deg 2 , matching the volume and number of sources in the SDSS in the local Universe. The crucial redshift range 1.5 < z < 2.5, encompassing the peak of star-formation, has proved to be the hardest to explore spectrally because the major features are redshifted out of the optical domain, and has gained the nickname of "redshift desert". Right: Comparison of state-of-the-art spectroscopic surveys in the redshift vs depth plane. Symbol sizes are proportional to the on-sky area, with colours indicating the wavelength range: optical surveys spanning 0.3-0.6 and 0.6-1 µm are in blue and orange (respectively), with the near-IR MOONS parameters (spanning 0.8-1.8 µm) shown in red. Filled symbols for MOONS show the GTO surveys; open squares show possible extensions to Public Legacy Surveys. MOONS will uniquely trace the evolution of galaxies throughout the redshift desert and up to epoch of reionization.
The first galaxies
The light from the first galaxies, just few hundred million years after the Big Bang (at redshifts of 7<z<12) is of great importance in the history of the Universe since they hold the key to our understanding of the cosmic reionization. Recent advances from deep near-IR imaging have been significant, but little remains known about when, and especially how, this reionization happened. The unique combination of the 8m VLT aperture, wide-area coverage, and near-IR spectroscopy (essential at z>7 as even Lyman-α is shifted to λ>1µm) offered by MOONS will provide accurate distances, relative velocities and emission-line diagnostics, without which the power of these photometric surveys is severely limited. The capabilities of MOONS will give us the first realistic chance to perform a systematic, wide-area spectroscopic study of the very high-redshift galaxies and establish the physics of reionization.
Synergies with large-area imaging surveys and the Euclid mission
MOONS is the ideal instrument to provide the essential deep spectroscopic follow-up of current and future optical and near-IR imaging surveys (e.g., VISTA, UKIDSS, VST, Pan-STARRS, Dark Energy Survey, LSST), as well targeting objects observed at other wavelengths using, e.g., ALMA, Herschel, eRosita, LOFAR, WISE, ASKAP, and MeerKAT.
In particular, MOONS will play an important role for the ESA Euclid mission, currently planned to launch in 2020, aiming to understand the nature of dark matter, dark energy and graviational studies by measuring weak gravitational lensing and baryonic acoustic oscillations. Euclid will employ both imaging and near-IR, low-resolution, slit-less spectroscopy over very wide areas of the sky, observing the 0.8-1.8µm range to detect emission-line galaxies (bright Hα emitters at 0.5<z<2). It is well known that slit-less spectroscopy is affected by "confusion" problems due to the overlap of spectra from different objects. MOONS will therefore observed selected calibration fields (over the same spectral range) to provide uncontaminated, deeper, higher-resolution spectra of galaxies observed by Euclid to assess the level and impact of spectral confusion in the slit-less spectroscopy, as well as to investigate (and, if required, correct for) potential biases. Planning for this started at a workshop in Edinburgh in late 2012 on Synergies between large-area infrared surveys, VLT-MOONS and Euclid (http://www.roe.ac.uk/roe/workshop/2012/index.html).
SCIENCE REQUIREMENTS
The essential requirements derived from the science cases indicate the necessity of a multiplex of ~1000 objects, to be observed at wavelengths of 0.8 to1.8µm, with the possibility to select two resolution modes: a resolving power of R > 4,000 and a high-resolution mode of R≈20000. A summary of the main requirements is presented in Table 1 . Observing modes medium resolution (MR) and high resolution (HR)
Following the Phase A study, we are now investigating the possibility of increasing the resolving power around the CaT, as well as extending the bluewards spectral coverage to include the region of the O I triplet at 0.77µm (important for studies of low-metallicity stars). The planned spectral coverage and resolving powers are summarized in Table 2 . 
Sky subtraction
Accurate subtraction of the sky background is critical when observing faint sources, particularly in the near-IR, where strong OH sky-lines dominate the background. To achieve this goal, we have adopted a two-fold approach for MOONS:
• Specification of the spectral resolving power: adoption of R>4,000 for the medium-resolution mode ensures that at least 60-70% of the observed regions in the YJ-or H-bands are completely free from OH airglow (e.g. Martini & DePoy, 2000) . For bright sources this is sufficient to extract good spectra, with the residual background between the sky lines removed by subtracting an average measurement of the sky.
• Cross-beam switching: For the faint sources to be observed with MOONS we require more accurate subtraction of the background between the sky lines. To achieve this a form of 'nodding-to-sky' is required to arrive at an adequate signal-to-noise in the final spectra. MOONS will achieve this using dedicated sky fibres for each object, positioned a few arcsec from each target and used for observations which switch between the two positions. Preliminary results from FLAMES-Giraffe show that this technique can enable sky background subtraction to better than 1% of the background level (e.g., Rodrigues et al. 2012; Yang et al. 2013 ).
THE MOONS BASELINE DESIGN 4.1. Overview
MOONS is a fibre-fed, optical to near-IR, multi-object spectrograph designed to use the full 25 arcmin diameter fieldof-view (FoV) of one of the Unit Telescopes (UT) of the VLT. The baseline design includes a single focal plate and a fibre-positioning module, consisting of 1024 Fibre-Positioning Units (FPUs). Each FPU consists of two radial arms, which are used to precisely place each fibre in the required x, y and z position in the telescope focal plane. The light from these aperatures is then fed through the fibres to two identical, cryogenic spectrographs mounted on the instrument platform. In each spectrograph the light from 512 fibres -arranged in a pseudo-slit -is split by dichroic filters into three channels (IZ, YJ and H) and dispersed on toa 4k × 4k detectors in each channel.
The operating wavelength for MOONS is 0.8 -1.8 µm, enabling observations across the IZ, YJ and H atmospheric windows. To meet the aspirations of both the extragalactic and Galactic scientific communities, MOONS offers both medium and high-resolution spectroscopy. In the medium-resolution mode (R~4,000-6,000), the entire 0.8-1.8 µm range is observed simultaneously, while the high-resolution mode covers three selected regions: one around the CaT (at R > 6,000) to measure stellar radial velocities, and two regions at R~20,000 (one in each of the J-and H-bands) for detailed measurements of chemical abundances. As noted above in Section 3.1, R > 4,000 provides sufficient avoidance of the OH sky lines in the near-IR, and also provides sufficient velocity resolution for dynamical studies in distant galaxies.
As we cannot predict all future science applications, our goal is to make MOONS as versatile as possible within our cost constraints, without increasing the instrument complexity significantly or compromising its reliability.
Phase A Instrument Design
During the 18-month Phase A (advanced conceptual design), the MOONS consortium studied all major aspects of the instrument design including: the development of a science case; detailed analysis of the scientific performance requirements; an operation and maintenance plan; a verification matrix including information on compliance with the telescope interfaces; a system design covering opto-mechanical design, detectors, cryogenic, and thermal design, instrument control electronics, and software; a management plan for the design and construction of the instrument including research and development plans, risk analysis, schedule and budget. The design has been reviewed by ESO and approved for the next phase toward construction.
Instrument concept The instrument consists of the following sub-systems:
• Rotating Front-End: mounted on the VLT rotator on the Nasmyth platform, this sub-system consists of: i) fieldcorrector module; ii) fibre-positioner modulel; iii) front-end fibres with micro-lenses and connectors (male); iv) calibration module; v) acquisition and secondary guide cameras; vi) metrology cameras; vii) front-end assemblies.
• Two Triple-Arm Spectrographs: which include: i) fibre connector (female); ii) slit-end fibre and fibre sub-slits; iii) collimator and dichroics; iv) disperser modules and VPHs; v) camera modules; vi) detector modules; vii) cryogenic vessel.
• Instrument control: software and electronics sub-systems.
• Science data sub-system.
Illustrations of an exploded view of the rotating front-end of the instrument and the complete MOONS instrument as installed on the VLT Nasmyth plaform are shown in Figure 3 .
Description of Sub-Systems and Major Components

Field Corrector
To exploit the full 25 arcmin FoV of the VLT Nasmyth focus we need to use a field corrector. The MOONS Field Corrector optics will correct the off-axis aberrations of the telescope, as well as determining the shape of the focal surface and the pupil location. The corrector is consists of two large lenses of 880 mm in diameter (and ~110 mm thick). The first lens is plano-convex and the second is a symmetrical biconcave; this option allows manufacturing costs to be minimised without influencing the performance. Compared to an instrument design without a corrector, this improves the image quality over the full FoV by a factor of eight, to better than 0.1 arcsec (80% geometric energy for the full FoV). Moreover, the exit pupil is concentric to the field curvature, and the field curvature is reduced by half (from a radius of 2090 to 4210 mm).
4.2.2.2.
Front-End Assembly The Front-End Assembly (see Figure 3) provides the support infrastructure for the instrument sub-systems forming part of the Rotating Front-End of MOONS. It consists of: i) Positioner Support Plate; ii) Fibre Support Plate; iii) Fibre Interface Plate; iv) Positioner Support Plate Retractor.
4.2.2.3.
Calibration Module The Calibration Module consists of a calibration source, which is mounted at the back of the Fibre Support Plate. The Calibration Module consists of a support ring with an internal V-groove running in a number of matching cam followers. This is driven by a ring gear/drive pinion. The ring supports a calibration arm sub-assembly. The subassembly deploys an arm which carries the calibration light source into the field. When the arm is deployed and swept about the rotator axis at a constant angular speed it will uniformly illuminate all the fibres, providing flat-field and wavelength calibration. 
4.2.2.4.
MOONS Acquisition and Secondary Guidance Prior to science observations, an initial acquisition of the target field is necessary. This will ensure that the coordinate system of the targets selected by the user is aligned with the coordinate system of the instrument. As for other VLT instruments this is achieved by pre-imaging selected objects within the field and correcting the telescope pointing by spatial offsets and rotation. The MOONS Acquisition and Secondary Guidance module will be used to implement these functions, as well as aiding the VLT guide probe (to limit any guide probe drift).
4.2.2.5.
Fibre Positioner The fibres for science observations will be deployed in the focal plane using miniature FPUs, allowing us to configure the focal plane in two-to-five minutes. Each fibre is connected to its own pick-off unit, which has a foot-print of 25 mm and is equipped with two rotating arms as depicted in Figure 4 . The combination of the two rotations allows the fibre to patrol an area with a diameter of 50 mm (~1.5 arcmin), with a circle of confusion of less than 20 µm (0.1 arcsec).
In order to have a high allocation efficiency of the fibres on targets, some overlap between neighbouring patrol fields is needed, with one fibre being able to patrol up to the centre of the neighbouring cell. However, this enlarged overlap between patrol fields also increases the chances of collisions during positioning. To reduce the collision risk the outer arm of the FPU is curved as shown in Figure 4 , such that only a small section of the arm (the end part holding the fibre) can collide with the neighboring FPUs. To enable the sky subtraction methods for bright and faint targets, the pick-off module needs to be able to allocate the 1024 fibres both independently (e.g., all on different targets for bright objects) or in pairs to perform the cross-beam switching for faint targets (with a dedicated sky fibre at a distance of few arcsec for each target). The drive and position sensor electronics are located on the base of each FPU, simplifying the electronics and cabling. Each FPU module will be mounted on a flat facet, angled to the next to form a faceted curved surface to follow the focal plane curvature shape.
4.2.2.6.
Metrology Cameras The FPUs will be capable of positioning the optical fibres to the required on-sky accuracy for each observation during a night of observations. However, initially all focal plane configurations will be done with the help of the Metrology Cameras. It will also be necessary to characterise the fibre-positioning modules and each FPU during integration and instrument maintenance, and to recover the system in the event of a fatal failure such as a power outage or after an earthquake. The measurement system will consist of optical cameras positioned above the focal plane. These cameras will image specially-designed markings and features added to each FPU, such that exact positions can be measured. 
4.2.2.7.
Fibre Assemblies The F/15 beam of the telescope is converted to F/3.65 using a micro-lens at the entrance of each fibre. Injecting at such a fast F-ratio allows the difference between the entrance and ouput F-ratio to be minimised. The transmission loss is less than 2.5% with the current MOONS design, with an input F-ratio of F/3.65 and an output F-ratio of F/3.5. The input aperture of the fibre provides an on-sky aperture of 1.05 arcsec, which is equivalent to a physical core diameter of 150 µm; for more details see Guinouard et al. (these proceedings) . At the output end, bundles of sixteen fibres are grouped into sub-slits, which are then arranged to form the entrance slit to the spectrograph. The fibres inside the spectrograph enclosure are kept at cryogenic temperature, similar to those in the APOGEE spectrograph (Brunner et al. 2010 ).
4.2.2.8.
Spectrograph and detectors The baseline design consists of two identical cryogenic spectrographs mounted on the Nasmyth platform. Each collects the light from 512 fibres and feeds, through dichroics, three spectrometers which together span the 0.8 -1.8 µm range simultaneously in the medium-resolution mode and selected sub-regions in the high-resolution mode (see Figure 5 for the configurations). For a detailed description of the optical design see Oliva et al. (these proceedings). Each Triple-Arm Spectrograph is housed in a cryogenically-cooled vacuum vessel. Each spectrograph utilizes two Hawaii-4RG-15µm devices, from Teledyne Imaging (one for the YJ and one for H-band channel) and one 4k × 4k optical CCD from e2v technologies for the I-band channel.
1;
The Moons Instrument Control Electronics (MICE) forms part of the hardware platform of the MICS. It consists of a set of local controllers to monitor and control the MOONS spectrographs and to interact with the Fibre-Positioning Subsystem. The proposed concept reflects the basic principle of supervisory Instrument Control Workstations that interact with local control units via the Instrument control software. The MICE is based on Programmable Logic Controllers (PLCs) which form the basic hardware control platform. For operation at the telescope MOONS will also require highlevel software control, observation preparation tools and pipeline data analysis. We will build on our extensive expertise in VLT instrumentation (e.g., KMOS, SINFONI, FORS, VIMOS) to develop and implement the required software.
Instrument Performance Parameters
The key instrument performance characteristics achieved with the Phase A design are compliant with the science requirements listed in Table 1 . MOONS will be a very competitive instrument, with an overall throughput of ~30%. This figure includes light-losses from the field corrector, fibre losses and FRD, spectrometers and detectors. These high performances can be achieved by a careful choice of the fibres and their management (>70% throughput, including micro-lenses, FRD and connector), the use of very efficient disperser elements (VPH throughput is ~85 to 90%), the optical design and detectors optimised to work in each of the three channels in a relatively small wavelength range (overall throughput of the spectrograph ~50%, including optics and detectors).
Proof of Technology
To establish the baseline design and prove the feasibility of MOONS, a number of trade-off studies and technology demonstrations were undertaken during the Phase A study, including:
-Pick-off system: One of the more novel aspects of MOONS is the use of robotic pick-off modules to position the fibres on the Nasmyth focal plane. As part of the Phase A study we chose and prototyped the Dual Radial Arm pick-off system described earlier. We also investigated several alternative designs (e.g. a pick-and-place system like OzPoZ; an Echidna system as implemented in FMOS; a novel tripod pick-and-place system), but these were discarded because of lower performance and lack of compliance with the requirements. To demonstrate the technology we built two prototypes of the Dual Radial Arm pick-off (see Figure 6 ) and have: i) confirmed that the tight tolerances on positioning and alignments (±20 µm) can be met and maintained; ii) tested that the electronics, controls and thermal profile are compliant; iii) already established industrial links for the manufacture of a large number of such positioners. -Fibre FRD: Another critical aspect we have investigated is the performance of the fibres. The effects of mechanical stresses, such as bending or pinching, on the FRD performance of optical fibres are well understood and their performances in a cryogenic environment have been extensively studied by the APOGEE project (see Brunner et al. 2010) . As part of the Phase A study we further investigated the effect of fibre twisting since, in the current baseline of the MOONS pick-off system, the fibre is clamped to the arm and a normal positioning operation will result in the fibre becoming twisted. The test was performed by using a spare FLAMES fibre bundle, with the various fibres illuminated by an integrating sphere. This test was repeated at both optical and near-IR wavelengths (I-and H-band) . The results are extremely encouraging and demonstrate that an optical fibre assembly can withstand a twist of up to 6.7 rotations per metre with less than 2% change in throughput, which is twice the amount of twist needed for the MOONS fibre positioner (for more details see Guinouard et al. these proceedings).
-Observation preparation tool: For complex instruments, and particularly for multi-object spectrometers, the usual ESO P2PP software is complemented by the addition of instrument-specific detailed configuration software. Based on our experience with KMOS and VIMOS, we have developed an Observer Support Software (OSS), which will be used to prepare MOONS observations. The current prototype of the OSS called "APOLLO" performs automatic allocation of fibres to science targets, including optimisation of fibre allocations, accounting for mechanical constraints of the positioner, possible broken fibres, and vignetting by the VLT guide probe. A screen-shot of the main window of APOLLO after target allocation is shown in the left-hand panel of Figure 7 .
-End-to-end simulator: To establish the expected performance of MOONS we have developed an IDL code to perform end-to-end quantitative simulations which, starting from the intrinsic source spectra, produces a fully realistic raw detector image (see right-hand panel of Figure 7 ). The simulations include: i) all geometric and diffraction variations in the point-spread function, as well as optical distortions; ii) spectrograph efficiencies, fibre transmissions, VPH efficiencies, and descriptions of the detector illumination, stray light, and thermal background, to calculate the expected photon counts per pixel on the array; iii) typical cosmetics and localized defects (bad pixels, dust, cosmic rays) of the detectors. For more details see Li Causi et al. 2014 (these proceedings). The fibres are allocated in cross-beam switching mode, with pairs oriented in the same direction (~45°) and separated by 15 arcsec. Fibres vignetted by the guide probe are shown in red. Right: End-to-end simulation of a raw H-band MOONS frame. The slit is aligned vertically and the spectra are dispersed in the horizontal direction. Only the 2D spectra for a subset of fibres are shown, for galaxies of different spectral types (early, intermediate and late) and a range of magnitudes.
SUMMARY
MOONS, a new fibre-fed, multi-object spectrograph, has been selected by ESO as a third generation instrument for the VLT. The wealth of science that an efficient, highly-multiplexed, near-IR spectrograph will generate is undeniably vast, and such a capability has been a common aspiration for the VLT for long time.
MOONS will be extremely versatile and provide the ESO community with a world-leading, work-horse capability, able to serve a wide range of Galactic, extragalactic and cosmological studies, providing:
• The follow-up spectroscopy required for ESA's Gaia mission to create the most accurate three-dimensional map of our Galaxy to understand its origins and evolution. Stellar radial velocities will be obtained with medium-resolution observations of the CaT, with detailed chemical abundances obtained from the highresolution observations (at R~20,000) in the near-IR.
• Fundamental insights into galaxy formation and evolution from deep observations of galaxies at z>1, generating an SDSS-like survey at high redshift to allow an unprecedented study of the physical processes that shape galaxy evolution.
• Follow-up spectroscopy to the ongoing and future large-area surveys in the optical and near-IR (e.g., VISTA, UKIDSS, VST, Pan-STARRS, Dark Energy Survey, LSST, Euclid).
• Strong synergies with facilities operating at other wavelengths (e.g., ALMA, Herschel, eRosita, LOFAR, WISE, ASKAP, MeerKAT, and more).
To enable these ground-breaking surveys MOONS will exploit the full 500 arcmin 2 field of the Nasmyth focus of the VLT and will be equipped with ~1000 fibres. Depending on the brightness of the targets, these fibres will be positioned independently or in pairs (to allow cross-beam switching for optimal sky subtraction). Light from the targets will be relayed by the fibres to two identical tri-band spectrographs, using dichroics to split the light for simultaneous observations using the medium-and high-resolution modes detailed above.
